Introduction
Potato (Solanum tuberosum L.) is a major global food crop because they can be grown 43 under a wide range of environments and have high nutritional value [1] . In addition, potatoes 44 can produce nutritious food more rapidly on less land and in harsh climates than other major 45 crops. Most potatoes are grown for starch processing and French fry production, with a small 46 proportion used for seed and table markets [2] . 47 The processing of potatoes into French fries requires certain minimum quality attributes, 48 including oblong to long tubers (> 75 mm), shallow eyes, minimal loss due to peeling, low 49 reducing sugar, and light coloration [3] . Important factors influencing French fry grades and 50 total tuber yield are nutrient management and choice of cultivar [4] . Kennebec and Shepody 51 are widely grown in North China for French fries [5, 6] . 52 Appropriate nitrogen (N) fertilizer management is a critical component for successful 53 potato production [7, 8] . A sufficient N supply is important for achieving economically viable 54 potato yields and the desired tuber size and quality targets from potato contracts [9, 10] . The 55 availability of soil mineral N in planting can improve yields, but large doses of these soil 56 minerals can delay tuber bulking, thereby leading to a decreased production of large tubers 57 [11, 12] . For several cultivars, research conducted overseas has demonstrated that N nutrition 58 can affect potato tuber quality [13] [14] [15] [16] [17] . 59 Few studies have been conducted on the effects of N application on the processing 60 quality of French fried potatoes. This research was initiated to investigate the effects of N 4 61 management on potato yield and processing quality, including dry matter content, reducing 62 sugar content, sucrose content of tuber, and fry color index. The specific objectives of the 63 present study were to determine whether the range of N application rates applied to 64 harvesting potatoes corresponded to specifications used for processing French fry products 65 and to identify the optimal N application rate for Kennebec and Shepody cultivars. The 66 results of the present study may help farmers planting potatoes for French fry processing and 67 eventually improve the efficiency of N nutrition use and crop management. The experiments land is owned and managed by College of Agriculture, Heilongjiang Bayi 72 Agricultural University, Heilongjiang Bayi Agricultural University permits and approvals 73 obtained for the work and stu.The field studies did not involve endangered species or 74 protected.
75
Site description 76 The study was conducted in 2016 and 2017 at Yinlang Farm (124° 44' 13.89" E, 56° 29' 77 53.60" N) in the Daqing city of the Heilongjiang province, China. The soil at this site 78 comprised sandy loam, and corn was previously grown at this site. Soil samples (at 0-20 cm 79 depth) were collected before planting to determine their chemical characteristics (Table 1) . Pest management and irrigation practices were conducted by research station personnel 98 using common grower practices in the region. Rainfall and air temperature were measured 99 using an automatic rain gage and thermometers installed at the experiment site. Water was 7 100 applied when soil moisture reserves were reduced to 65% of the soil water-holding capacity. 101 Water was applied at a rate of 6.8 mm h −1 with a portable overhead irrigation system. 
Results

149
The total tuber yield was affected by cultivar, year, and N application rate. In addition, 150 significant correlations were observed between cultivar and N application rate as well as 151 between year and N application rate ( The marketable yield accounts for all tubers that can be sold for French fry production, 165 after removing the small (< 7.5 cm), green, growth cracked, malformed, or decayed tubers. 166 Cultivar, year, and N application rate, as well as cultivar and N interactions had no effects on 167 marketable yield. The effects of N application on marketable yield were similar to those on 168 total yield. Marketable yield responded quadratically with increasing N application rates in 169 both Kennebec and Shepody cultivars across the two years (Table 2) . 170 The dry matter content of the tubers was affected by year and N application rate. The 171 dry matter content of Kennebec and Shepody increased in both the years when an N 172 application rate of <225 kg ha −1 was applied ( Table 2) . High-N treatment had no positive 173 effect on dry matter accumulation in tubers. 174 Reducing sugar content is a major quality factor in potato processing. In the present 175 study, the reducing sugar content was affected by all the factors. However, the reducing sugar 176 content of tubers did not differ between 0 and 75 kg ha −1 N treatments for Kennebec in 2016 177 or 2017, but low-N treatment affected the reducing sugar content of tubers of Shepody 178 cultivar ( Table 2 ). The N application rates of <150 kg ha −1 and 225 kg ha −1 decreased the 179 reducing sugar contents in Kennebec and Shepody, respectively, both in 2016 and 2017. 180 The sucrose content of tubers was affected by year and N application rates. In 2016, an 181 N application rate of 150 kg ha −1 resulted in the least sucrose content for Kennebec (1.43 mg 182 g −1 ), with only slightly higher amounts in 2017 (1.53 mg g −1 ). There was no significant 183 difference in the sucrose content in tubers between N application rates of 75 kg ha −1 in 2016 16 184 or 225 kg ha −1 in 2017. However, the N application arte of 150 kg ha −1 resulted in the lowest 185 sucrose content for Shepody in both the years (1.43 and 1.53 mg g −1 ), which was significantly 186 different from that for other N application rates (Table 2) . 187 The fry color index was affected by N application rate, with a significant cultivar and N 188 interaction ( Table 2) resulted in an increase in the fry color index (Table 1) . 192 193 The relationship between N application rate and tuber yield and processing of Kennebec 194 and Shepody can be expressed as a quadratic function (Fig. 1) . By derivation of these 195 equations, the optimal N application rate was obtained for quality traits ( The effect of N on the growth and yield of potatoes has been the subject of several studies 231 [24, 25] , with an increase in potato tuber yield by N fertilization being a common finding 20 232 [26] [27] [28] [29] . Studies have reported that an increase in the N application rate increased the tuber 233 yield, but the tuber yield did not always increase with an increasing N application rate. It has 234 been demonstrated that excessive N reduces the tuber yield [30, 31] . The present study found 235 that the maximum total tuber yield and marketable yield was obtained with the N application 236 rates of 150 kg ha −1 for Kennebec and 225 kg ha −1 for Shepody in both the years. 237 Dry matter accumulation in tubers is a result of the carbohydrates photosynthesized during 238 tuber development that were retransmitted from leaves and stems [18] . Sucrose is a good indicator of the chemical maturity of potatoes and is used to schedule 21 253 harvests and monitor storage stress [6] . It has been demonstrated that increasing N 254 fertilization can result in a decrease in the sucrose content at harvest, as well as in decreased 255 effects on sucrose and increased effects on fructose accumulation in stored potatoes [35] . 256 However, in this study, the sucrose content of Kennebec increased when the N fertilizer rate 257 was higher than the optimal value.
258
Fry color index is an important indicator of food product characteristics because it is the 259 essential quality parameter that is evaluated by consumers even before the food is consumed 260 [36] . The N fertilizer rate has an inconsistent effect on chip or fry color [2] . Chip color has 261 been reported to be unaffected by the N fertilizer rate [13, 16, 37, 38] . In the present study, N 262 application did improve the fry color index when the N application rate increased from zero 263 to the optimal N fertilizer rate (150 kg ha −1 for Kennebec and 225 kg ha −1 for Shpody); 264 however, it resulted in a darker fry color with excessive N fertilization as reported in a 265 previous study [25] . 266 The range of N application rates was determined using the regression equation In the present study, we found that N supply significantly affected the tuber yield and for Shepody according to the processing quality standards of French fried potatoes in China. 283 We suggest that the N application rates should be 150 kg ha −1 for Kennebec and 225 kg ha −1 284 for Shepody to obtain high yield and high quality. 
